We identified and characterized the don juan gene (dj) of Drosophila melanogaster. The don juan gene codes for a sperm specific protein component with an unusual repetitive six amino acid motif (DPCKKK) in the carboxy-terminal part of the protein. The expression of Don Juan is limited to male germ cells where transcription of the dj gene is initiated during meiotic prophase. But Western blot experiments indicate that DJ protein occurs just postmeiotically. Examination of transgenic flies bearing a dj-promoter-lacZ reporter construct revealed lacZ mRNA distribution resembling the expression pattern of the endogenous dj mRNA in the adult testes, whereas /3-galactosidase expression is exclusively present in postmeiotic germ cells. Thus, these observations strongly suggest that dj transcripts are under translational repression until spermiogenesis. To study the function and subcellular distribution of DJ in spernliogenesis we expressed a chimaeric dj-GFP fusion gene in the male germline exhibiting strong GFP fluorescence in the live testes, where only elongated sperrnatids are decorated. With regard to the characteristic expression pattern of DJ protein and its conspicuous repeat units possible functional roles are discussed.
Introduction
Spermatogenesis represents a developmental process comprising the differentiation of a diploid germ cell to a highly specified haploid sperm. This differentiation program starts with the division of a germline stem cell followed by four mitotic divisions producing, in the case of Drosophila melanogaster, 16 primary spermatocytes which enter the meiotic cell cycle.
During meiotic prophase, the primary spermatocytes are highly transcriptionally active accompanied by a 25-fold growth in volume of these cells. Since most transcription ceases after meiosis, all gene products needed for sperm morphogenesis are supplied by premeiotic transcription with a following storage (Lindsley and Tokuyasu, 1980; Fuller, 1993 Fuller, ). al., 1996 , the majority of the gene products encoded by the affected genes are still unknown. Examination of enhancer trap-lines with reporter expression in the testis provided additional insight into the expression of different genes in the germline and somatic components of the testis (Gtnczy et al., 1992) . Some of these recently identified genes code for premeiotically expressed proteins like cell cycle regulating protein components for example (Eberhart and Wasserman, 1995 and references therein; Eberhart et al., 1996) , while male specific gene products selectively required for accomplishing postmeiotic sperm differentiation (spermiogenesis ) have not yet been discovered.
In particular, the spermiogenesis phase, which comprises morphological processes like nuclear shaping, assembly and organization of the flagellar axoneme, and elongation of mitochondrial derivatives, needs a large number of indispensable gene products. Male sterile mutations affecting these postmeiotic processes have been generated, but again in spite of single exceptions, specific gene products particularly contributed to these programs are not known.
Since there is a limited number of male specific gene products known presently, the identification of new male specific gene products would be useful for the molecular dissection and understanding of the developmental process spermatogenesis.
We have identified a novel Drosophila gene named don juan (dj) . Dj was identified in a screen for genes coding for regulatory DNA-binding proteins in the male germline. The predicted gene product of the dj cDNA depicts a basic, lysine-rich protein of 29 kDa in size. A characteristic feature of this protein is an eight-times direct repeated hexapeptidesequence (DPCKKK) in the carboxy-terminal part of the protein. Expression analysis revealed that the dj gene is exclusively transcribed in the male germ line during spermatogenesis. We show that in contrast to the DJ protein distribution, dj messengers are restricted to postmeiotic cell stages implicating translational repression of dj mRNA until its postmeiotic expression. We also demonstrate that GFP-tagged D J-protein is localized in elongated spermatids as well as mature sperms.
Results

Isolation of the don juan cDNA
In the course of identification of genes coding for testisspecifically expressed DNA-binding proteins involved in interacting with regulatory elements of the testis-specifically expressed/32 tubulin gene, we designed a DNA-binding site screening approach. For this purpose, we screened a Drosophila testis expression cDNA library with a probe encompassing the regulatory upstream sequence of the/72 tubulin gene promoter (see Section 4.1) resulting in the isolation of a cDNA coding for a protein with binding activity to the probe. Gel retardation assays using either recombinant protein expressed in E. coli or in vitro synthesized protein, revealed a DNA-binding activity against a confined sequence element within the probe (the so called 132UE2 element; see Michiels et al., 1989 ; data not shown). The gene encoding the new male specific cDNA was termed don juan. However, in contrast to the results obtained from in vitro experiments, striking observations were made during in vivo analysis, which exclude the role of dj as a possible activator for 132 tubulin gene expression.
The following sections present the molecular characterization, regulation and expression of the don juan gene and the possible functional role of its gene product in vivo.
The don juan gene is exclusively expressed in the testis
To clarify the question, whether Don Juan might play a relevant role in male germ cell development, we first analyzed the presence of dj mRNA in different tissues by a nonradioactive Northern blot analysis of total RNA. As shown in Fig. 1 the dj cDNA probe recognized a 1.3 kb transcript only in RNA from male flies and male gonads, respectively. No transcript is detectable in females or male carcass ( Fig.  1 ) and embryos (data not shown). These results demonstrate that don juan encodes a testis-specifically expressed mRNA.
The intensity of the signals we noticed throughout our t t t . I : : : se W,':~ i: Fig. 1 . Testis-specific expression of dj mRNA. Non-radioactive Northern blot analysis with total RNA prepared from adult females, adult males, testes and carcass from adult males. The lanes were loaded with different amounts of total RNA, as indicated at the top of the figure and probed with a DIG-labelled dj cDNA. Hybridization signals of 1.3 kb in size are selectively detectable in the lanes with RNA from males and testes. A second signal can be seen in the lanes loaded with 10 #g and 20 #g total male RNA, respectively. Occurrence of this signal does not argue for a variant of the dj transcript, but is due to the RNA amount and washing conditions used for the non-radioactive Northern procedure. High stringency conditions with a radioactive probe as used in the experiment under Section 2.5 results in the detection of one major signal without additional cross reaction (see Section 4.5 and Fig. 4A 350 t aa tgtcagt t aaact tgt at agt t t t gggggcaggt tagatct cagat tcagt t t agat cctgat t cca 420 cagacaaa tagt ct ccagctgtggt t t t t t caaaat t c t t t gt aaaact ttt ggtacaaaat tt aaaaat 490 t t t t c t c g aa~TTAAGAGAACCGC
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Don Juan protein represents a basic protein with a Cterminal domain consisting of a striking repetitious hexapeptide motif
After isolation of corresponding genomic clones encompassing the don juan genomic region, we mapped the cytogenetic localization of the dj gene on the third chromosome at position 84D by detection of a single hybridization signal to polytene chromosomes (data not shown). We additionally performed Southern blot experiments with genomic DNA which unravelled the presence of a single hybridization signal indicating that dj represents a single copy gene (data not shown).
Digestion of the dj cDNA plasmid clone with EcoRI released an insert of 922 bp in size. Sequence comparison of the cDNA with its corresponding genomic DNA revealed that the dj gene contains a single intron of 57 bp between the codons of amino acid numbers 32 and 33. The dj cDNA includes an open reading frame (ORF) of 744 nucleotides ( Fig. 2A,B) representing the entire coding region of the gene. It encodes a protein with a calculated molecular mass (Mr) of 29.2 × 103 confirmed by gel electrophoretic separated in vitro transcription/translation product (data not shown) and a predicted isoelectric point of 9.84 underlying its basic character.
The stop codon is followed by a 3' untranslated region of 305 bp closing with a potential polyadenylation signal (Fig.  2B ). The size of the detected dj transcript coincides with the size of the cDNA including the predicted 5' and 3' untranslated regions ( Fig. 2A,B) .
We checked the deduced peptide sequence for homologues in the databases, but the predicted DJ protein shares no significant homology to any proteins existing in the databases. However, the dj gene codes for a novel protein with a very remarkable amino acid motif at the carboxy terminus. There are eight direct repeats of the six conserved amino acids motif (Asp, Pro, Cys, Lys, Lys, Lys) (DPCKKK, Fig. 2B , underlined sequence) surrounded by a lysine rich area. In total, the protein contains 33% of the amino acid lysine explaining its basic nature as mentioned above.
With respect to spermatogenesis, it might be speculated that proteins with a basic character participate in chromatin reorganization as observed for sperm-specific histone variants and other sperm-specific nuclear proteins like transition proteins (Strickland et al., 1980; Unni and Meistrich, 1992 and references therein; Boissonneault and Lau, 1993; Alami-Ouahabi et al., 1996) . Alternatively, basic proteins with repetitive lysine rich motifs have been reported to act as sperm-specific protein components (see Section 3.2). To gain an insight into the role of Don Juan in spermatogenesis we analyzed the developmental expression pattern.
don juan mRNA is localized in male germ cells
Besides germ cells, the testis consists of cells of somatic origin, e.g. cells of the testes sheath and other somatic components like the apical cells of the hub, the cyst cells and the terminal epithelial cells accompanying the developing germ cells in close contact (Fuller, 1993; Grnczy and DiNardo, 1996) . The Northern blot analysis described above does not allow us to define the cell type specific expression of dj.
In order to identify the expression pattern of dj transcripts on the cellular level we carried out in situ hybridization experiments to whole larval (data not shown) and adult testes. The dj mRNA first appears in the cytoplasm of growing primary spermatocytes during meiotic prophase (Fig.  3A) . Clearly, spermatogonia and young spermatocytes as well as the somatic components of the testis like the hub and the early cyst cells are definitively not labelled, don juan is apparently distributed from this cell stage onward in the developing germ cells until the end of the elongation phase; individualized sperms show no staining (Fig. 3B ). This expression pattern resembles the distribution of other male germline specifically expressed genes like the {32 tubulin gene for example (data not shown), indicating that dj might be expressed exclusively in male germ cells. Nevertheless, due to the strong staining, the presented whole mount in situ hybridization experiment does not rule out the presence of dj transcripts in other somatic cell types along the testes tube. We used Western blot analysis to assess the temporal and germline exclusive distribution of DJ protein.
The Don Juan protein is only found in postmeiotic germ cells
Antibodies were raised against a polypepfide derived from the deduced DJ amino acid sequence (see Section 4.5), and initial ELISA assays were performed with the polypeptide. Then, we further tested the antiserum in Western blot experiments with crude testes protein extracts. After purification of antiserum on a Protein A-Sepharose column, recovered antibody fractions were able to detect a protein with an apparent size of -32 kDa in testes extracts which nearly coincides with the predicted protein size of 29.2 kDa from the deduced DJ amino acid sequence. A second signal was recognized which was due to a crossreaction detecting a protein, the size of which extremely deviates from the predicted molecular mass of DJ protein (data not shown; Fig. 4B ). The fact that the observed apparent DJ size in Western blots slightly differs from the prediction can be assigned to electrophoretic mobility behaviour according to the unusual amino acid composition of D J, a fact that can be observed also for other testis proteins (Sch~ifer et al., 1993; Lantz et al., 1994) . The protein of 32 kDa could also be detected using antiserum before purification, but could not be observed using preimmune serum. Furthermore, the antiserum specifically recognizes Fig. 3 . dj mRNA is expressed in male germ cells during spermatogenesis. In situ hybridization was performed with a DIG-labelled dj cDNA probe to whole mount adult testes. (A) Expression of dj starts in primary spermatocytes during premeiotic growth phase. The mRNA is clearly recognized in the cytoplasm of growing primary spermatocytes (arrow). (B) dj mRNA expression along the entire adult testis. The dj mRNA is distributed uniformly during germ cell development from the primary spermatocyte stage onward (arrows) until individualization, i.e. expression is also localized in postmeiotic germ cells (arrowhead). recombinant produced DJ protein, verifying its specificity (data not shown).
We then designed the following approach to demonstrate the specific temporal distribution of DJ protein during spermatogenesis. We made use of the boule strain, a male sterile mutant (Eberhart et al., 1996) which exhibits, in its homozygous status, a definitive arrest in the meiotic cell cycle at G2/M transition without any further spermatid differentiation (as, for example, observed for the twine mutant which is blocked in meiotic division but proceeds in spermatid differentiation; Courtot et al., 1992; Lin et al., 1996) . Consequently, testes of homozygous males only contain premeiotic germ cell stages. Because differentiation of germ cells is affected in homozygous boule mutants (boll), there are no differences in the presence and arrangement of somatic cell components in testes derived from homozygous flies or from heterozygous flies (reflecting the wild type situation). The proof of DJ presence in testes of homozygous adults in comparison to heterozygous adults allowed us to determine the temporal and cell type specific expression of DJ protein.
We first checked that dj transcription is not affected in boule mutants. Fig. 4A zygous males. A single dj transcript is clearly present in boule mutant males. In comparison to the mRNA distribution, we then probed protein extracts from adult testes in Western blots with anti DJ antibodies which were subjected to protein extracts from adult testes. In contrast to the Northern analysis, the DJ protein is only detectable in testes derived from heterozygous males, whereas this band is definitively absent in the lane with extract from testes of boule homozygotes (Fig. 4B) . The same blot was stripped and
During spermatogenesis, the distribution of the transcript does not necessarily coincide with the temporal distribution of the gene product. The meiotic prophase exhibits a high transcriptional activity of spermatocytes due to the expression of all genes, the products of which are necessary for the following differentiation program. Also those genes are transcribed of which the gene products are exclusively used during the postmeiotic phase of spermatogenesis (the so called spermiogenesis phase), when transcription has already ceased. At the same time, translation of those transcripts is delayed until the gene products are used (Sch~ifer et al., 1995) .
To further confirm the assumption that translational control is involved in postmeiotic dj expression in vivo, we chose an alternative strategy to visualize the developmental Don Juan protein expression pattern. Therefore, we fused contiguous 408 bp upstream of the dj translation start codon in front of the E. coli lacZ gene of the transformation vector pCaSpeR-AUG-/3-Gal (Fig. 5A , Section 4.7). This fusion gene construct was subsequently transformed into flies to generate transgenic lines. The expression of the lacZ-repor- Fig. 4B ). The lacZ mRNA is localized in premeiotic (arrow) as well as in postmeiotic germ cells (arrowhead). Also, larval testes which contain only premeiotic cell stages exhibit the presence of lacZ mRNA. (C,E) lacZ reporter gene expression is driven exclusively in postmeiotic cell stages. Reporter gene expression was analyzed by detecting 13-galactosidase activity with histochemical X-Gal staining. In adult testis (C), in premeiotic cell stages, 13-galactosidase activity is clearly absent (arrow) whereas blue staining is only observed in elongated spermatid bundles (arrowhead; compare (C) with (B)). This observation is confirmed by staining larval testis (E) which in contrast to lacZ mRNA expression (D) shows definitively no reporter activity. ter gene was monitored by visualizing lacZ mRNA distribution as well as {3-galactosidase activity in whole testes of larvae and adult flies by histochemical X-gal-staining. As demonstrated in Fig. 5 , the fused genomic DNA fragment is sufficient to drive male germline specific expression of the reporter gene. In situ hybridization to adult testes revealed lacZ mRNA distribution in male germ cells as observed for the endogenous dj transcript. But in contrast to lacZ mRNA expression, {3-galactosidase activity solely appears in one specific postmeiotic cell stage (compare Fig. 3B and Fig.  5B with Fig. 5C ). Fig. 5C shows clearly that the staining is restricted to elongated spermatid bundles (arrowhead), whereas there is definitively no staining of all premeiotic and early postmeiotic cell stages (arrows). To confirm these findings,/3-galactosidase activity in premeiotic cells of larval testes was examined for reporter expression in a further experiment. As already described, we analyzed RNA and protein distribution in larval testes that contained premeiotic cell stages of spermatogenesis only. As observed for the adult testes, the larval testes exhibit lacZ-mRNA expression (Fig. 5D ), but do not show any /3-galactosidase staining (Fig. 5E ). These results confirm the postmeiotic translational control mechanism proposed from the Western blot data, and they strongly imply that the don juan expression is under translational repression during the spermatocyte stage. This demonstrates again that Don Juan is a relevant protein, exclusively present in postmeiotic germ cells, namely elongated spermatids.
The Don Juan-GFP fusion protein is localized in elongated spermatids and individualized sperms
Elucidating reporter expression instead of visualizing the endogenous gene product in vivo is not an elegant way to study protein localization, because it indirectly resembles the temporal and tissue-specific expression pattern of a gene product and it does not help to clarify its relevance in the differentiation process. Therefore, we attempted to determine the germ cell specific localization of DJ. So far, we have not been successful in visualizing DJ in vivo by using our DJ antibody. For this reason, we localized DJ by fusing the dj open reading frame to that of Aequorea victoria green fuorescent protein (GFP) which allowed us to follow the expression of this fusion gene in the male germline. To express dj-GFP under the native dj regulatory sequence, the lacZ gene from the dj-lacZ reporter construct was replaced by the dj-GFP coding sequence assuring the right tissue specific expression (for construction see Section 4.7; Fig. 6A ). Transformation of this fusion gene resulted in a transgenic Drosophila line carrying the fusion construct.
The transgene exhibits strong fluorescence only in the live testes. This fluorescence reflects the same expression pattern as observed for the reporter (see Section 2.6; Fig.  5C ,E). We noticed GFP fluorescence solely in fully elongated sperm bundles as depicted in Fig. 6B (in comparison to the corresponding phase contrast view; Fig. 6C ). GFP decoration covers the entire spermatid bundle and it remained on the sperm after individualization (data not shown). Fig. 6D again verifies the prior perception that DJ protein is not synthesized and localized premeiotically because GFP-tagged DJ is not detected in premeiotic cells (Fig. 6D) .
A close up view of the decorated sperm tail bundle showed that GFP fluorescence is localized to each sperm tail of a cyst (Fig. 6E) . In this case, distinct scattered fluorescencing dots are incorporated into or attached to each sperm tail suggesting that DJ might be mainly an axoneme-associated protein component.
Taking all these results together, we propose that DJ represents a novel male specific protein which acts as a protein component of the mature sperm, probably as part of the flagellar axoneme.
Discussion
dj encodes a novel male germline specific protein
In this report we present a novel gene of Drosophila melanogaster with an exclusive expression in the male germ line. Except for certain Y-chromosome linked fertility factor genes (Hackstein and Hochstenbach, 1995) , only a few autosomal genes of Drosophila melanogaster are identified which are expressed in this germline specific manner. The best elucidated gene on the molecular and genetic level represents the {32 tubulin gene which is absolutely necessary for male fertility (Kemphues et al., 1979; Kemphues et al., 1982; Michiels et al., 1989; Fuller, 1993 and references therein; Raft et al., 1997) . The janusB (Yanicostas and Lepesant, 1990 ) and the Mst87F gene (and the other members of the MST(3)GCP gene family; Kuhn et al., 1990; Sch~ifer et al., 1993) describe two additional genes coding for proteins of unknown function expressed in the spermatid differentiation period (see below). Furthermore, Eberhart and coworkers have recently reported the identification of the boule gene in Drosophila, a homologue to the human DAZ gene (Deleted in Azoospermia) which is required for proper accomplishing of meiotic divisions and causes infertility in its mutated version (Eberhart et al., 1996) . Yuan et al. (1996) recently published the identification of testes-specific proteasom subunit isoforms.
Presently, no dj-specific mutants caused by either appropriate deficiencies or P-element mutant strains are available. To get an insight into the role of dj during spermatogenesis, we plan to perform a mutagenesis.
Implications on the putative role of DJ in spermatogenesis
don juan encodes a relatively small basic protein with a high lysine content and striking hexapeptide-motif repeats (DPCKKK). Some basic structural proteins are identified as components of the sperm head, e.g. the mammalian Cylicins and Calicin (Hess et al., 1993; Hess et al., 1995; von Btilow et al., 1995) , or sperm tail, like the Drosophila hydei Dhmstl01 (Neesen et al., 1994a; Neesen et al., 1994b) , respectively. Surprisingly, these gene products share characteristic features with DJ including the high content of lysine (explaining its basic character) and conspicuous peptide motif repeats. In the case of bovine Cylicin I, the tripeptide KKD/E occurs 25 times and extends throughout nine repeat units (Hess et al., 1993) . The characteristic repeat unit of the Drosophila hydei DhmstlO1 gene family comprises the 16 amino acid motif KKKCAEAAKKEKEAAE. This motif appears several times with a strain-dependent variation in number (Neesen et al., 1994a; Neesen et al., 1994b) . Moreover, Dhmst(101) protein is localized similar to DJ on the sperm. The authors point out that with regard to the observed localization and protein sequence data that the 'Dhmst(101) gene product may have some importance for the structural integrity of the sperm tail' (Neesen et al., 1994a) . In addition to these general similarities concerning the repetitive peptide motif and basic character, nevertheless the DJ protein does not reveal any sequence homology to these proteins.
We used a GFP-tag to localize DJ in the germline and to ensure its restricted expression during spermiogenesis. Many examples demonstrate that GFP provides a useful tool for tagging a gene product following its subcellular localization (Wang and Hazelrigg, 1994; Kerrebrock et al., 1995) . Considering the specific expression pattern and localization of the GFP-tagged D J, we propose that it acts as a novel fertility factor required for maturation and motility of the sperm. In particular, DJ-GFP localization on the axoneme suggests that DJ might be on one hand a processing or modifying enzyme managing the assembly of microtubule components (Chesneasu et al., 1996) , or on the other it may depict a good candidate for a microtubule-associated protein of the flagellum. Interestingly, Multigner et al. (1992) reported that in sea urchin, a sperm specific histone H1 variant is found in the axoneme stabilizing the flagellar microtubules. Because it is impossible to distinguish subcellular structures of the sperm flagellum by simple light or fluorescence microscopy, a detailed analysis of DJ distribution and ultrastructural localization in specific mutants, affecting only microtubule organization of the flagellar axoneme, will provide further evidence for DJ's role in late spermatid differentiation. defined sequence region is competent to direct tissue-specific reporter expression, which means transcription of the lacZ gene during premeiotic spermatocyte growth phase, while reporter proteins accumulate in elongated spermatid bundles. Thus, a short region of 408 bp directly upstream from the translation initiation codon of dj carries all cisregulatory sequence elements that are sufficient to drive male germline specific transcription as well as the cis-acting elements responsible for the delay of translation until the spermatid elongation phase. It seems that promoters with the capability to drive testis-specific gene expression, as observed for dj, exhibit as a rule a relatively short gene regulatory region of approximately 100-400 bp (for exampies see the following references: Kuhn et al., 1988; Michiels et al., 1989; Schulz et al., 1990; Yanicostas and Lepesant, 1990; Buttgereit and Renkawitz-Pohl, 1993; Yang et al., 1995) , whereas regulatory enhancer sequences are yet not identified.
Furthermore, premeiotic translational repression of gene expression is also a common gene regulatory mechanism in spermatogenesis and has been documented for certain genes in vertebrates and Drosophila (for review see Sch/ifer et al., 1995) . For Drosophila, it has been demonstrated that the genes of the MST(3)GCP-gene family (especially for Mst87F; Sch/ifer et al., 1990) , the janusB and the dhod genes (Yang et al., 1995) , are expressed postmeiotically by a translational control mechanism. Dj represents an additional example as confirmed by Western blot analysis and transgenic fly strains. For dhod and Mst87F (and its members), a confined sequence region which confers translational regulation by acting as a target site for specific RNA-binding protein is localized in the leader of these genes (J. Rawls, pers. commun.; Kempe et al., 1993) . Sequence comparison of dj 5" non-coding sequence with the leader sequence of each of those genes, however, revealed only poor sequence homology. Experiments to discriminate the responsible sequence elements within the characterized genomic region of dj are underway in order to help understand the transcriptional and translational control mechanism. Therefore, dj may provide a good example for elucidating and clarifying gene regulatory processes, especially translational regulation, during spermatogenesis.
Experimental procedures
Library screening and cDNA isolation 3.3. Gene regulatory control of dj expression during spermatogenesis
With the promoter fusion experiment we have demonstrated both the confinement of the dj regulatory region for testis-specific gene expression and the developmentally restricted distribution of the dj gene product during the postmeiotic period of spermatogenesis. We showed that a A testis XZAP II expression cDNA library (kindly provided by T. Hazelrigg) was screened with minor modification as described previously (Vinson et al., 1988; Tan, 1991) . The probe used in the screen comprising the promoter sequence of the Drosophila t32 tubulin gene from -57 to -26 bases on the following complementary oligonucleotides:5'-GGAAATCGTAGTAGCCTATTTGTGAACATT-3'.3'-TAGCATCATCGGATAAACACTTGTAACCTT-5'.
These oligonucleotides were annealed, concatenated and digoxygenin (DIG) labelled by random priming (Tan, 1991) . The dj cDNA plasmid clone was isolated after two rescreens using the in vivo excision protocol (Stratagene). This plasmid designated as pBluescript-dj-cDNA (pBdjc) was used for in vitro transcription/translation as well as for generating bacterial protein extracts (see below).
Molecular biology
To identify genomic clones encompassing the entire gene, a genomic Drosophila-Canton SXFIXII library (Stratagene) was screened with the entire DIG-labelled dj cDNA. Genomic DNA from positive phage clones were subcloned into the pBluescript vector (Stratagene) using standard molecular techniques (Sambrook et al., 1989) . Positive phage clones were also used for mapping the cytogenetic localization of the dj gene onto the polytene chromosomes. Overlapping genomic clones as well as the dj cDNA were sequenced on both strands with the T7-sequencing kit (Pharmacia).
In situ hybridization
Whole mount in situ hybridization to adult and larval testes was performed with modification according to Tautz and Pfeifle (1989) . Fixation of the tissue was carried out as described by Lantz et al. (1992) .
Northern and Southern analysis
Total RNA was isolated from Drosophila melanogaster embryos of both males and females as well as from adult testes of 2 day old males by using the RNAzol-reagent (Cinna Biotecx). The RNA was separated in a standard denaturing formaldehyde agarose gel and blotted onto a Hybond N-nylon membrane (Amersham) according to the method described by Chomczynski (1992) . The blot was probed with the digoxygenin labelled full-length dj cDNA. Hybridization and detection were performed with minor modifications according to the manual for DIG-labelling and DIG-luminescent detection from Boehringer Mannheim. Alternatively, a radioactively labelled probe was used for probing and subsequent washing protocols using the procedure of Church and Gilbert (1984) . For genomic Southern analysis, genomic DNA from adult flies were obtained by the method of Steller and Pirrotta (1986) . Blotting, hybridization and washing were performed essentially as mentioned before.
Generation of antibodies
Polyclonal anti-DJ antibodies were raised in rabbits by Eurogentec (Belgium) against the synthetic peptide, KEG-NQDELENMKNMKNEC, corresponding to amino acids 82-96 of the deduced DJ amino acid sequence. The antisera were purified using a Protein-A-Sepharose column as described by Sambrook et al. (1989) . The recovered immunoglobuline fraction was directly used in Western blot experiments without further purification (see Section 4.6). Specificity of the obtained antibodies was tested in Western blot experiments with crude as well as purified bacterial recombinant DJ protein generated by expression of the full-length dj cDNA in the pRSET expression system (Invitrogen) and subsequent inclusion body preparation from IPTG induced E. coli BL21(DE3) cultures as described by Nightingale et al. (1996) (data not shown). In addition DJ protein was produced in vitro with the coupled in vitro transcription/translation system (rabbit reticulocytes) provided by Promega according to the manufacturer's instructions.
Western blot analysis
Four pairs of testes of adult males were dissected in Ringer' s solution and transferred to a reaction tube. After adding 20 Izl 2 x SDS-loading buffer (Sambrook et al., 1989) , the testes were crushed by a few strokes with a pestle, and the obtained extract was heated for 5 min at 95°C. Before subjecting the whole extract to a standard SDS-polyacrylamidegel, cell debris was spun down by centrifugation (Heraeus Biofuge pico) for 10 min. After SDS-PAGE, the gel was blotted onto Hybond C-super membrane (Amersham) using a semi-dry electro-blot apparatus. The membrane was washed for 1 h in PBT followed by a blocking step in 5% non-fat dried milk in PBT (blocking solution) for an additional hour. After blocking the filter was probed with the anti-DJ antibody fraction and/32 tubulin antibody, respectively, both at a 1:1000 dilution in blocking solution over night at 4°C. Then, the membrane was washed again in PBT as mentioned before and probed with the secondary antibody (peroxidase conjugated polyclonal anti-rabbit IgG; Sigma) at a 1:10000 final dilution for 60 min at room temperature. Bound antibody was visualized using the ECLdetection system (Amersham).
7. Construction and P-element mediated transformation of dj-lacZ and dj-GFP fusion genes
A 408 bp EcoRI-BamHI genomic DNA fragment upstream from the start codon was obtained by PCR-supported amplification from a genomic dj-plasmid-clone using deduced primers with linked EcoRI-and BamHI-sites and subsequently inserted into the transformation vector pCaSpeR-AUG-/3-Gal (Thummel et al., 1988) . For construction of the dj-GFP fusion gene, the ADH-lacZ gene fragment of the dj-lacZ construct was eliminated by cutting with BamHI and XbaI and replaced by inserting a PCR generated BamHI/HindlII linked dj PCR product fused in frame to a HindlII/XbaI fragment of the GFP coding region (adapted to the human codon usage with the single amino-acid exchange: hGFP-S65 ~ T; Clontech; see Fig. 6A ). The resulting fusion product lacks the sequence for the last eleven amino acids of the dj gene product. Transgenic lines were generated by injection of purified DNA using Elutip-D columns (Schleicher and Schtill) as described previously (Michiels et al., 1989) .
Histochemical analysis of testes from transgenic flies
Larval and adult testes from each transgenic line were dissected in Ringer's solution, rinsed in buffer A (10 mM sodium phosphate (pH 7), 150 mM NaC1, 1 mM MgC12) and fixed for 15 min (5 min for larval testes) in buffer A plus 0.2% glutaraldehyde. The testes were rinsed twice in staining buffer (buffer A plus 3.3 mM of each potassium ferroand ferri-cyanide) and stained in the presence of 0.2% XGal for up to 12 h at room temperature. After staining, the tissues were washed in PBT, transferred to glycerol and photographed.
Fluorescence microscopy for GFP detection
Testes from transgenic dj-GFP flies were dissected from healthy males in Ringer's solution, stained with Hoechst 33258 (0.1 /zg/ml in PBS) and mounted without further fixation in 50% glycerol, or testes were directly squashed in one drop of 1 x PBS under a coverslip. Fluorescence microscopy was done using a Zeiss Axiophot microscope equipped with fluorescence filters.
